NACA RM L.53G29

€GhL

| SECURITY INFORMATION

RM 1.53G29
SR

RESEARCH MEMORANDUM -

A FLIGHT INVESTIGATION AT MACH NUMBERS FROM 0.67 TO
1.81 OF THE LONGITUDINAL STABILITY AND CONTROL
CHARACTERISTICS OF A 60° DELTA-WING MISSILE
CONFIGURATION HAVING AN ALL-MOVABLE TAIL
By Martin T. Moul and Hal T. Baber, Jr.

Langley Aeronautical Laboratory
Langley Field, Va.

Sy

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS -

WASHINGTON ' - "f
October 6, 1953

TGN

T92hh10
WN ‘g4vd AUVHEAIT HOaL

.




———

~

Yt gssirain ... )

Lhassitization ronceied (or chonged to.cufildid=nadlid
Vi e y - /ﬁ
By fuiherity m/;(/?'?% /ﬂ'ﬁ*’/gé’ /4%/“’“/5947"75’/%
(OFFICER LUTHORIZED 1O CHALIGE)

...................................

y fir i Pl
BETAQStccnat iiatataan et N R ey O A L R Y T R R R L L] [XXITTYY) seeseeseccsecsrs ool
EX2DE OF CFFICER NAXING CHWAKGE)

ot Bl
DATE




TECH LIBRARY KAFB

NACA RM L53G29 “ ”,m"mmmmm ,ﬂﬂﬂm

NATTONAT, ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

A FLIGHT INVESTIGATTION AT MACH NUMBERS FROM 0.67 TO
1.81 OF THE LONGITUDINAIL STABILITY AND CONTROL
CHARACTERISTICS OF A 60° DELTA-WING MISSILE
CONFIGURATION HAVING AN ALIL-MOVABLE TATT.

By Martin T. Moul and Hal T. Baber, Jr.
SUMMARY

In order to determine whether a small, all-movable tail is an effec-
tive longitudinal control for a cruciform, delta-wing missile, a flight
investigation has been made at Mach numbers from 0.67 to 1.81. Stability,
control, hinge-moment, and drag characteristics are presented.

Lift- and pitching-moment-curve slopes and the damping-in-pitch
derivative were noted to be dependent upon 1ift. Pitching effectiveness
was maintailned at all Mach numbers, but the trim 1ift produced by tail
deflection experienced a reduction of 45 percent with increase of Mach
number from 0.80 to 1.60. At low angles of attack the variation of hinge-
moment coeffilicient with engle of attack was nearly linesr, but at angles
of attack greater than 5°, the variation became very nonlinear. ILift-
curve slopes were in good agreement with calculated results based upon
the deflected, unwarped vortex concept, but the calculated aerodynamic-
center locption was farther rearward by 9 to 18 percent of the mean aero-

dynasmic chord.

INTRODUCTION

As part of the general research prdgram on missiles, the Langley
Pilotless Aircraft Research Division has been flight testing a series
of cruciform, delta-wing missiles. Results of longitudinal stability
and control investigations of a tailless model having wing-tip controls
and of three canard models having different canard-to-wing distances and
canard areas are reported in references 1 to 4. To supplement the avail-
able informstion and show that a small tail in a strong downwash fileld




N [FTA] NACA RM L53G29

Ad‘}.‘

may be an effective control surface, a missile configuration employing
an gll-movable tail has been flight tested.

Stability and control, hinge-moment, and drag characteristics are
presented for the Mach mumber range from 0.67 to 1.8L. The stability
and control characteristics are compared with approximate theories and
with the results of a tailless-missile investigation.

SYMBOLS
an/g normel-accelerameter reasding, g units
az/g longitudinal-accelerometer reading, g units
at/g transverse-accelercmeter reading, g units
b exponential demping constant in e'bt, per sec
c wing chord, ft
¢ wing mean serodynsmic chord, ft
Ct tail mean aerodynamic chord, £+t
g accelergtion due to gravity, ft/sec2
a dynamic pressure, 1b/sq ft
E Young's modulus of elasticity, 1b/in.Z
H hinge moment, ft-1b
I plane moment of inertia of body cross section, in.h
Iy moment of inertia about Y-axis, slug-£t°
M Mach number, V/Ve
P period, sec
R Reynolds mumber, pVc/u
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Sy total wing ares in one plane including body intercept, sq £t
St exposed tail area, sq ft
v velocity of model, ft/sec
Ve speed of sound in air, ft/sec
W model weight, 1b
a
1 %n W
Cp drag coefficient, (- - cos o + o sin.a)agﬁ
8
Cy, 1ift coefficient, (i cos o + —& sin a,)l
g g aSy
CLtrﬁm trim 11ft coefficient
Cp hinge-moment coefficient, —I
qStct
Cn pitching-moment coefficient,
Pitching moment about center of gravity
aSye
a angle of attack, deg

Ctprim trim angle of attack, deg

a L _da rgdians/sec
57.3 dt
B tail deflection, deg
0 pitch angle, radians
6 pitching velocity, radiams/sec
) piltching acceleration, radians/sec2
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T8 coefficient of viscosity, slugs/ft—sec
p mass density of air, slugs/cu ft
W model demped natural frequency, radians/sec
Derivatives:

o oC,
Cry, = azL, per deg Cmg, = amm, per deg

3Ch 3¢,
C = per deg = per deg
ha X ) Cm5 35 ’

BCh ch
Chy = —, per deg C[,Jq = —& per radian

35 ag;

2V

o
Cm& = ?m’ per radian

ac

Sy

MODEL, AND APPARATUS
Model Description

The model tested had a body consisting of a T-inch-dlameter cylin-
dricel section and nose and tail sectlions of ogival profile. The over-
all fuselage fineness ratio was 16.3. Wings and tail surfaces, all of
deltas plan form, were mounted on the fuselage in an inline cruciform
arrangement. Plan- and side-view sketches of the model, which indicate
the relative location of the wings and tail surfaces, are shown in

figure 1.

The solid magnesium wings, with leading edges swept back 600, Were
flat plates with beveled leading and trailing edges and had a thickness
ratio of 3 percent at the wing-body Jjuncture. The tail surfaces, which
were constructed of steel, were similar to the wings in plen form and
cross-section profile, and the retio of wing exposed asrea to tail exposed
area was 9:1. The tall surfaces in the horizontal plane were all-movable
and attached to a steel torque rod. Details of the wing and tall are
shown in figure 2.
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A hydrsulic system supplied by an accumulator was programmed in such
a manner as to deflect the control surfaces in a continuous square-wave
pattern. The two control positions were 0° and -10° measured with respect
to the fuselage center line. At a Mach number of approximately 1.0 the
pulse frequency was decreased by means of a switch, which was sensitive
to total pressure and controlled the speed of the programming motor.

The physical characteristics of the model are presented in the fol-
lowing table; wing and teil dimensions are the same in the horizontal and
vertical planes:

Weight and balance:

Weight, 1b . . . . . . . e e e o . . . . . ... 118.6
Center of gravity, percent ¢ back of leading edge of C . . 9.4
Ty, B1UB-Ft2 o v v v v v e e e e e e e e e e ... 19.8
Wing:
Total wing area in one plane, sq £t . . . . . « « « « . . . . 2.89
Exposed wing area in one plane, sq ft . . . . . . . . . . . . 1.73
Mean serodynamic chord of total wing area, £t . . . . . . . . 1.49
Mean aerodynemic chord of exposed wing area, £t . . . . . . . 1.15
Thickness ratio at wing-body juncture . . . . . ¢« ¢« ¢« + o « & 0.03

Tedl surface:

Exposed area Iin one plane, sq ft . . . . e e s e e e e s 0.19
Mean aerodynamic chord of exposed tail area, ft . . e e e . 0.38
Hinge-line location, percent ct back of leading edge of T 45.80

Instrumentation

The model was outfitted with an NACA ten-channel telemeter which
transmitted a continuous record of normsl (2 renges), longitudinal, trans-
verse, and pitch accelerations, angle of attack, tall deflection, hinge
moment, total pressure, and static pressure. Angle of attack was measured
by a free-floating vane mounted on a sting, which protruded from the nose
of the model. A balance incorporated in the linkage system measured
hinge moments sbout a hinge line located at 45.8 percent of the tail mean
serodynamic chord. Total pressure was obtained by a total-pressure tube
extended below the fuselage. A static-pressure orifice was located on
the cylindricael section of the body ahead of the wings.

A modified SCR 584 radar tracking unit acquired data on the model
trajectory during an early portion of flight. Atmospheric pressure and
temperature for the portion of the flight covered by the tracking radar
were measured by a radiosonde released shortly after the model flight.
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Rate-of -roll information was obtained by a spinsonde receiver in conjunc-
tion with the telemeter antemna, which was plane polarized.

TESTS AND ANALYSIS

Tests

The model was launched st a 45° elevation angle from a mobile
launching platform (fig. 3). Two 6-inch-diameter solid propellant rocket
motors of approximately 6,000 pounds of thrust each and 3-second duration
boosted the model to supersonic velocity. Test Reynolds numbers based on
wing mean aerodynamic chord are shown as a function of Mach number in fig-
ure 4. Mach number was determined from the telemetered static and total
pressures. Following model-booster separation, the model was disturbed
in pitch by a programmed square-wave deflection of the all-movable tail.
The transient responses to the step input of the tall were continuously
recorded in the form of time histories as the model decelerated through
the Mach number range. Sample time histories for a supersonic and a
transonic portion of the flight are shown in figure 5.

Ansglysis

Determination of aerodynamic characteristics.- In the reduction of
longitudinal-transient-response data to a step-function input, a method
such as that presented in the appendix of reference 2 and based upon the
linearized equations of motion is ordinarily utilized to determine
longitudinal-stability derivatives and control effectiveness parsmeters.
In such an analysis assumptions of small disturbances, linear aerody-
namic coefficients, and constent forward velocity are made. In this
investigation same of the aerodynamic characteristics were found to be
dependent upon 1lift, so the results yielded by the methods of reference 2
were average values for the given lift-coefficient ranges. The aerody-
namic characteristics determined as average values in this test are P,
Cmg, s aerodynamic-center location, b, and Cmq + Cp;. The expression

A .
Cm6 = -Cmm-—fggggg is applicable if the pitching-moment curves for a config-

uration are linear with angle of attack and control deflection. At Mach
numbers above 1.0 the nonlinearity in Cma was small and Gma was deter-

mined by using an average of the two Cmm values. As a result of the
nonlinear lift-curve slope and the questionable accuracy of CLa when
the control 1ift is a small fraction of the model trim 1ift, Crg was
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not determined. The hinge-moment derivative Cpy was determined during
ACh - Cha’Aa

the time of the tall pulse from Chg =
AD

Determination of pitching-moment curves.- The pitching-moment equa-
tion for two degrees of freedom may be written as

Cpo® + Cmg® = (Cm)q,5 = == - Omg c8 | . S

Since the damping terms are much smaller than the acceleration term
and 6 ~qa for this test, the pitch equation may be rewritten as

(Cm)a,5=§s{—2‘ (g + Cma) %

The acceleration and damping terms may be evaluasted as time func-
tions by using the previously determined Cmq + Cm&: megsured values

of 6, and 6 determined from an integration of 8. The pitching-moment
curve for a given Mach number is obtained by cross-plotting portions of

the CL and (Cm) time histories for a constant tail deflection.
a,d

Body bending.- It is kmown that fuselages of high fineness ratio
may experience bending when maneuvering at high normal loads. To deter-
mine the amount of body bending for this configuration, calculations were
made for the test conditions by considering air and inertia loads and by
using estimsted values of EI <for the fuselage. The results indicate
that the wing angle of attack may be greater than the corresponding meas-
ured angle of attack by from 1 percent at a Mach number of 0.8 to 6 per-
cent at a Mach number of 1.6, so that an apparent increase in lift-curve
slope results.

Coupling effects.- At the higher 1ift coefficients and at Mach num-
bers less than 0.88 a coupling of longitudinal and lateral motions is
indicated. Shortly after the deflection of the horizontal tail a short-
duration rolling velocity of magnitude up to 8 radians/sec was recorded
by the spinsonde receiver, followed by an oscillatory transverse accelera-
tion with a magnitude of spproximately one-half the normal acceleration. -
The longitudinel mode maintsined damping and periodicity but had a non-

linear trim value which decreased in value during the oscillations.
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THEORETICAT. CALCULATTIONS

With the advent of theories and methods for calculating wing-body
and wing-tail interferences, lifts and pitching moments of complete
body-wing-tail configurations may be determined by subdividing the prob-
lem into the groups:

(1) Lift and pitching moment of body-wing combination.
(2) Lift and pitching moment of body-tail combinatilon.

(3) Wing downwash at the tail location and resultant tail 1ift and
pitching moment.

A general discussion of the methods available for the solution of these
camponent problems, with their limitations and assumptions, is given in
reference 5.

In this paper 1lifts and pitching moments of the body-wing and body-
tail combinstions were obtained from references 6 and T, respectively.
With the limitation of applicability to angles of attack near zero, the
wing downwash field was assumed to be defined by a deflected, unwarped
vortex sheet rather than by a pair of fully rolled-up trailing vortices
and was calculated from the downwash theory of reference 8. No body or
wing viscous effects were included. The force and moment on the tail
resulting from the downwash distribution were computed by a modified
strip method of reference 9 for wings of subsonic leading edges. These
component solutions were then summed to determine the predicted 1ift and
serodynamic-center location of the complete configuration.

PRECISION OF DATA

Corrections

The angle of attack as measured at the nose was corrected for model
pitching velocity and flight-path curvature to obtain the angle at the
center of gravity. These methods were described in reference 10.

Since the angular-accelerometer natural frequency was not large com-
pared to the model natural frequency in pitch, it was necessary to con-~
sider the instrument frequency-response characteristics in reducing the
pitching-acceleration data. The instrument phase lag was determined
from an experimental phase-lag—forcing-frequency curve obtained prior
to flight and the amplitude-ratio correction was computed from the instru-

ment demping and frequency.
: ™y
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Accuracy

From a consideration of accuracles of the instrumentation and

dynamic pressure, the maximum possible errors of M, a, 5, Cp, CD 10’

and Cp are tabulated below as incremental values.
Limit of accuracy of -~
M
- M o, deg 5, deg Cr, CDmin Ch
0.8 | 10.03 10.3 0.1 +0.050 | *o.011 ——————
1.2 tT.02 T.3 T *.030 +.005 10.0016
1.7 t.02 t.3 g | 1,008 *.002 *.0007

These errors are primarily systematic in nature; for a given time
interval the error of any one quantity is a constant increment. Aero-
dynamic characteristics which are determined from slopes or differences
in telemetered quantities are not subjected to these errors.

Calculations have indicated that an additional increment in angle of
attack up to 10.5° may exist between the engle-of-gttack indicator and
the center of gravity as a result of body bending due to normsl loads.

Although corrections were gpplied to the pitch-acceleration data as
a result of the frequency-response characteristics of the instrument, it
is possible that errors in sensitivity and phase angle still exist. Con-
sequently, errors in Cp of 13 percent of the measured values are
believed to be possible.

RESULTS AND DISCUSSION

Static Stability

Lift.~ Sample model 1lift curves, obtained from cross plots of 1ift
coefficient and angle-of-attack time histories, are presented in figure 6.
The 1ift curves are smooth at all Mach numbers but differences in slope
may be noted between the 1ift curves for the different tail deflections.
At seversl Mach numbers a displacement or hysteresis effect may be noted
in the data, but it apparently has no effect upon the lift-curve slope.
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The slopes of the 1ift curves were measured and are presented in
figure 7. Throughout the Mach number range Cr, 15 greater at the

higher 1ift coefficients. This difference in CLm mey be attributed

to elther nonlinear body characteristics or nonlinear downwash, or both.
Unpublished tests of this body at a Mach number of 1.62 in the Langley
9-inch supersonic tunnel and calculations including viscous cross-f£low
effects from the method of reference 11 indicate differences in the body
lift-curve slope of the magnitude of the Clu difference in figure 7.

Also, the existence of nonlinear downwash variations with angle of attack
for tails located behind delta wings in the extended wing-chord plane has
been predicted by theory and shown by wind-tunnel tests (refs. 12 and 13).

Calculations of body bending due to air and inertia loads indicated
that the measured QLI is somewhat greater than that which would have

been measured in the case of a rigid body. The computed error in Qﬁm

due to body aerocelasticity varied from 1 percent at a Mach number of 0.8
to 6 percent at a Mach number of 1.6. Theoretical calculations for small
angles of attack, in which the concept of a deflected but undistorted
vortex sheet was used, are in good agreement with the low-1ift data.

To show the effect of tall addition, the Clu of the tallless delta-

wing configuration of reference 1 is compared with the low-1lift data of
the present model. The CLm of the model having a tall was greater at

all Mach numbers, the difference being from 0.003 to 0.005 at low speeds.
With increasing Mach number the difference increases and is 0.010 at a
Mach number of 1.60. At this point 50 percent of the difference may be
attributed to tail 1lift and 20 percent may possibly be attributed to a
more severe body bending for the tail-configurstion model.

Pitching moment.~ Period of oscillation of the model is presented
in figure 8 for the Mach number range of the investigation. The two
curves for different lift-coefficient ranges are indicative of a nonlin-
ear pitching-moment curve. The CmOL curves reduced from these oscilla-

tion data are presented in figure 9. The pitching-moment-curve slope is
always greater at the higher 1ift coefficients, with the difference in
Cm, varying from 0.0070 at M = 0.80 to 0.0008 at M = 1.70.

Pitching-moment curves were reduced from the pitch-angular-acceleration
data and sample curves are presented in figure 10. The variation of Cp

with Cj, 1s smooth except for a Mach number of 0.96 in a small region
near zero CL. This nonlinearity i1s believed to be attributable to the

viscous wake.
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The aserodynamic-center location, as determined from the curves of
Cr, and Qﬁm’ is presented in figure 11. At supersonic speeds the

aerodynamic-center locstion is the same for both lift-coefficient ranges
snd shifts rearward only slightly from 39 percent ¢ at a Mach number of
1.2 to 42 percent C at a Mach number of 1.7. Below a Mach number of 1.2
the curves diverge; the aerodynamic center for the higher lift-coefficlent
range remsins nearly constant at 40 percent ¢ and the aerodynamic center
for the smaller 1ift-coefficlent range shifts gradually forward to 32 per-
cent ¢ at a Mach number of 0.9. The variation of these aercdynamic-
center curves suggests thet the nonlinear 1ift curves are attributable
predominantly to nonlinear body 1lift at supersonic speeds and nonlinear
downwash et subsonic speeds. The calculated aerodynemic-center location
1s farther rearward and shifts gradually forward from 57.5 percent € at

8 Mach mumber of 1.1 to 51 percent ¢ at a Mach number of 1.7. The two
concepts of a deflected, unwarped vortex sheet or rolled-up trailing vor-
tices ylelded calculated aerodynamic-center locations which differed by
only 2 percent ¢ for this configuration at small angles of attack. To
show the effect of tall addition the aerodynsmic-center location of the
tallless misslle of reference 1 is presented. As is seen, the taill had
little effect on aerodynsmic-center location. Only above a Mach number

of 1.2 1s the low-angle-of-attack serodynamic center farther rearward
than that of the tallless model.

Dynamic Stability

The variatlon with Mach number of the exponential damping constant
1s presented in figure 12. Values of b increase gradually from
about 1.0 at a Mach number of 0.90 to about 2.7 at & Mach number of 1.60,
and a 1ift dependency is noted, with b being greater for the higher
1ift coefficlents at all Mach numbers.

The demping-in-pitch derivative Cmq + Cm& 1s presented in figure 13

and is seen to be dependent upon 1ift. Although the possible error of
this derivative may be of the order of the difference between the curves,
it is believed that the suggested variation with 1ift is genuine. The
damping-in-piteh derivative of the tallless model of reference 1 is pre-
sented for comparison. As a result of a more forward center-of-gravity
location (3.2 percent € more forward) and the presence of a tail,

Cmq + Cmd for the model with the tail 1s greater through most of the

Mach number range.

Control Effectiveness

Longitudingl trim-curves.- The variation of trim angle of attack
with Mach number is presented in figure 14 for the two programmed tail




12 &QONFIEE&E&;Q NACA RM 1L53G29

deflections of 00 and -10°. For & tail deflection of -10° y  tpim

decreases from 6.80° at a Mach number of 0.90 to 5.35° at a Mach number
of 1.6. The unexpected verlation of atpiy on either side of the zero

axis for 5 = 0° is possibly due to asymmetries incurred in the construc-
tion of the model and out of trim in the angle-of-attack indicator.

The varistion of trim 1ift coefficient with Mach number for & = 0°
and -10° is presented in figure 15. The trend of the Cri,.4, curves is

similaxr to that of the Qi CUTVES with decreasing values as the Mach
nmumber increases. However, the values of CLt i at & = 0° remain
slightly negative over the range of Mach number of this test.

Trim angle of attack and 1ift coefficient per unit control deflection.-
Fram Ffigure 1 the trim angle of attack per unit control deflection is
determined and presented in figure 16 as a function of Mach number. The
curve of A““trim/@ diminishes sharply between M = 0.9 and M = 1.05

from a value of -0.71 to -0.58 followed by an almost linear decrease to
-0.48 at M = 1.6.

The change in trim 1ift coefficient due to a unit control deflectionm,
which was determined in the same manner as Aotriy/fD, 1s presented in

figure 17. A comparison is made between the model of the test, a tip-
control model (ref. 1) and a canard model (ref. 2). The ratio of control
area to wing area is the same for all three models. For the all-movable
tail model the variation of ACLt im A5 with M 1s nearly linear,

decreasing from -0.036 at M = 0.8 to -0.020 at M = 1.6. The values of
ACLtr:Lm A5 of this model are higher than those of the tip-control model

by a factor of 2.2 at M =0.8, 3.8at M=1.2, and 2.8 at M= 1.6,
even though the static stability 1s greater. Although ACLt A5 18 of

nearly the same magnitude for the test model and the canard model, the
test model is favored by a static stability approximately 30 percent
lower than that of the canard model.

Tail pitching effectiveness.- The pitching effectiveness is plotted
as a function of Mach number in figure 18. A camparison with theoretical
results obtained by application of the method of reference 14 indicates
good agreement. The small difference between test and theory may result
from dynsmic-pressure changes at the tall due to the viscous wake. At
test Mach numbers above 1.1 the trend of Cmb for the model of this

test and the tip-control model are quite similar. However, the control
of the test model was decldedly more effective in producing pitch with
a value of Cm5 three times as great at M = 1.1 and four times as

great at M = 1.6. The piltching effectiveness of the canard model is of
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opposite sign to that of the all-movable-tall model and of greater mag-
nitude. At M = 1.0 Qm& for the canard model is 43 percent grester

than that for the test model and 4O percent larger at M = 1.45, although
the moment arm from the center of gravity to the control surface is same-
what greater for the all-movable-talil model than the canard model. The
higher value of Cms for the latter 1s attributed to a reduction in the

wing stabiliiing moment cgused by downwash due to control deflection.

Hinge Moments

Tail hinge moments were measured about an axis at 46 percent &y.

The maximum hinge moment recorded wes 2.8 foot-pounds at a Mach number
of 1.56, angle of attack of 4.9°, and tail deflection of -10°.

Hinge-moment-coefficient curves are presented in figure 19 at con-
stant tall deflections of 0° and -10°. Although the hinge-moment coef-
ficient is nonlinear at all Mach numbers, same consistent trends are noted.
At low angles of attack and a tail deflection of 0°, C, 18 nearly linear

at all Mach numbers and always has a positive slope. At high angles of
attack and a control deflection of -10° two changes in slope are noted.
For the Mach number range from 1.56 to 1.03 the slope of Cp with angle
of attack is positive for 3°<a<5° and negative for 5°<a<8°. At Mach

numbers of 1.03 and 0.90 the slope becomes positive again as still greater
angles of attack are attained. Changes in slope of Cp with o indicate

tail center-of-pressure shifts in which the negative slope experienced in
the range 5° <a < 8° indicates a rearwerd movement of the center of pressure.
These center-of-pressure shifts are believed to be attributable to the non-
uniform flow field produced by the wing and to an angle-of-attack effect
upon the basic pressure distribution.

Hinge-moment coefficient derivatives Ch8 and Cha for small angles

‘'of attack are presented in figure 20. At subsonic speeds both Ch8
and Chm are positive and of same magnitude. As Mach number increases,
Ch8 decreases and becomes zero at a Mach number of 1.21, at which time

the center of pressure due to 3 1s on the hinge line. At higher Mach
numbers the center of pressure due to & 1is slightly rearward of the
hinge line. After decreasing some at transonic speeds, qu remains

nearly constent at supersonic speeds. Some effects of the wake may be
obtained by comparing these derivatives with the canard-control hinge-
moment data of reference 2. No comparison of actual control centers of
pressure is afforded since control 1ift characteristics were not measured,

AT
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but it is noteworthy that the Mach number trends of Cha and Ch5 are

similar for both controls. At supersonic speeds the derivatives are of
the same magnitude, but at subsonic speeds the hinge-moment derivatives
of the all-moveble tall were smaller than for the canard control.

Drag

Although the primsry purpose of this investigation was to determine
longitudinal stability and control characteristics of the missile, drag
was also meassured and is presented in several forms herein.

Drag polars from M = 0.79 to M = 1.70 are presented in figure 21.
The variation of Cp with Cj was parabolic as expected for the condi-

tion of & = -10°. The shape of the drag polars for & = 0° results from
changes in the chord force, which are evident in the longitudinal-
acceleration time history of figures 5(a) and 5(b).

The meximm lift-drag ratlio, which was determined directly fram the
drag polars, is presented in figure 22 from M = 0.82 to M = 1.09.
The model did not ettain the condition of (L/D)max at supersonic speeds.

The (L/D)pax decreases sharply fram 5.85 at M = 0.82 to 3.60 at
M = 0.95 and then remains almost constant to a value of 3.55 at M = 1.09.

The drag coefficient at zero 1ift as presented in figure 23 Indicates
a sharp drag rise from Cp = 0.020 at M= 0.85 to Cp = 0.061 at
M = 1.07. There is a gradual decrease in drag coefficient through the
supersonic region to a value of 0.044k at M = 1.70. Although the drag
polars for & = 0° were irregular in appearance, the drag measurements
appear to be of the correct level as shown by the good agreement of
Ch with that of the canard model.

CONCLUSIONS

The results of a flight investigation st Mach nymbers 0.67 to 1.8L
of a cruciform, delta-wing missile having an all-moveble horizontal taill
and comparisons with a delta-wing missile having half-delta tip controls
indicate the followlng conclusions:

1. Nonlinear 1ift and pitching-moment curves were indicated from the
data measured at two ranges of angle of attack. At supersonic speeds the
aerodynamic~center location remains nearly constant at 40 percent of the
wing mean aerodynsmic chord ¢ for both angle-of-sttack ranges. As the

\ CONFTDENTLEg
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Mach number decreases, the aserodynamic-center location for the higher
1lift-coefficient range remains at 40O percent ¢ while for the lower range
it shifts forward to 32 percent ¢ at a Mach number of 0.9.

2. The 1ift-curve slope of the all-movaeble-tail configuration is
greater by 0.003 to 0.010 than the tailless configuration. The tail hsd
little effect on the aerodynsmic-center location except at higher super-
sonlc speeds where the serodynamic center of the tall configuration was
farther rearward.

3. Calculations, in which the downstream flow field was assumed to
be defined by a deflected, unwarped vortex sheet, were in agreement with
the low angle-of-attack lift-curve slope but predicted a more rearward
aerodynsmic-center location of 9 to 18 percent &.

4, The damping-in-pitch derivative Cmq + Cm& was dependent upon

1ift at all but the peak Mach number and was greater for the large 1ift-
coefficient range. From near zero at a Mach number of 0.9, Cmq + Cmd

increased rapldly to a peak value at a Mach number of 1.2 and then
decreased gradually with further increasing Mach number.

5. The all-movable tail waes effective in producing pitching moment,
with the pitching-effectlveness derilvative CmB being three to four

times as great as for the tip control. The model trim 1ift per unit tall
deflection ACLtrim was larger by 2.2 to 3.8 times that resulting

from the tip-control deflection. The values of ACLt [AB decreased
T

with increasing Mach muber and experienced a reduction of 45 percent
with increase in Mach number fram 0.8 to 1.6.

6. At low angles of attack the hinge-moment-coefficient variation
with angle of attack was nearly linear and had a small positive slope.
At angles of attack greater than 5° center-of-pressure changes were
denoted by abrupt changes in slope at all Mach numbers.

Langley Aeronasutical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., July 31, 1953.
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